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TITLE: Method and apparatus for detecting specific substances 
CLAIMS 

1 . A method, for detecting specific substances, comprising (1) an operation step to 
place the substance to be detected to a set position, (2) an operation step to detect 
the spin transition by irradiation of electromagnetic wave which energy is close to 
the spin transition energy of the nuclei in the substance, said spin transition 
occurring between the spin energy states caused by the electric coupling 
interaction between nuclei and the gradient of local crystalline electric filed in the 
material, and (3) an operation step to detect the existence of the specific 
substances in the object to be inspected, said method having an operation step for 
judging the authenticity of NQR derivation of an observation signal. 

2. The method of claim 1 , wherein said step forjudging the authenticity of NQR 
derivation of an observation signal further comprises (1) a sub-step to apply static 
magnetic field onto the object to be inspected during irradiation of said 
electromagnetic wave, and (2) a sub-step to compare the signals detected by a 
spin transition detector with and without applying the static magnetic field. 

3. The method of claim 1, wherein said step forjudging the authenticity of NQR 
derivation of an observation signal further comprises a sub-step to compare 
between the spin relaxation time characteristics of the specific substances and the 
spin relaxation time of the signal observed in the step of detecting the spin 
transition. 

4. The method of either claim 1 or 3, wherein said method for detecting specific 
substances utilises the spin energy splitting caused by the electric coupling 
interaction between the nuclear quadrupole moment of the nuclei and gradient of 
the local electric filed in the material. 

5. The method of claim 4, wherein said method for detecting specific substances is 
capable of judging the existence of explosive materials in the object to be 
inspected, by tuning the frequency of the electromagnetic wave irradiated to the 
object, into at least one of the NQR frequencies in nitrogen 14 and chlorine 35 
nuclei. 

6. An apparatus for detecting specific substances comprising ( 1 ) a probe coil which 
irradiates electromagnetic wave onto the object to be inspected as well as detects 
electromagnetic wave, (2) an oscillator detector which is connected to the said 
probe coil to generate and detect electromagnetic wave, (3) a means to tune the 
irradiation frequency into the NQR frequency of atoms located in specific 
chemical structures in the object to be inspected, (4) a means to detect the change 
in the conductance of tuning circuit in the oscillator detector, and (5) a means to 
display the change in the conductance when tuned into the NQR frequency, said 
apparatus having a means to apply static magnetic filed onto the object to be 
inspected. 

7. A system comprising (1 ) an X-ray detection device which further comprises an X- 
ray generator, a means to irradiate X-rays onto the object to be inspected, an X- 
ray detector and a monitor to display the signal of the X-ray detector, (2) a radio- 



wave absorption measurement device which further comprises a radio-wave 
generator, a radio-wave irradiation detection coil, and a means to measure the 
absorption of radio-wave by specific substances in the object to be inspected, arid 
(3) capability of detecting specific substances in the object to be inspected by 
using the information of the absorption of X-rays and radio-wave, said system 
having a means to apply static magnetic filed onto the object to be inspected. 

8. The system of claim 7, wherein said radio-wave absorption measurement device 
measures the NQR signal in the specific substances in the object to be inspected. 

9. The system of claim 8, wherein said device to measure NQR frequency of the 
specific substances measures at least one of the NQR frequencies in nitrogen 14 
and chlorine 35 and 37 nuclei. 

TECHNICAL FILED 

[Industrial applications] This invention relates to the method and apparatus for detecting 
non-destructively specific substances from a mixture of many substances in the object to 
be inspected, and more particularly to the method and apparatus suitable for highly 
reliable detection of prohibited goods such as drugs and plastic bombs. 

PRIOR ART 

X-ray inspection systems, which are conventionally used as inspection apparatus to find 
dangerous goods in the carry-in luggage on aircraft and transportation materials, can 
detect materials having a high X-ray absorption coefficient such as metallic swords and 
metallic small arms, as clear images on monitor screens, and are used for the prevention 
of aircraft hijack. This kind of prior art is disclosed, for example in the JP pat. No. S61- 
1 8447. On the other hand, there is an invention related to the method and apparatus for 
detecting prohibited materials by measuring NQR absorption of, for example, nitrogen 14 
nuclei in the prohibited materials. One example of such a method and system is disclosed 
in JP pat. No. HOI -160751. The method, however, is highly selective in terms of 
detection of specific substances, due to the fact that it relies on the NQR frequency 
characteristics of each material. 

TECHNICAL PROBLEMS 

Within said conventional techniques, X-ray detection systems have difficulty in detecting 
arms and dangerous goods which do not have metallic components, and are not capable 
of detecting substances which have no particular forms or shapes such as plastic bombs 
and drugs, due to the fact that the X-ray detection systems rely on X-ray scattering 
phenomena. 

On the other hand, the detection method which utilises NQR is independent of the forms 
and shapes of the substances, because NQR signal detected is characteristics of the 
specific substances. As such, the NQR method can detect substances which have no 
particular forms or shapes such as plastic bombs and drugs. However, the NQR method 
sometimes makes false detection due to the occurrence of false signals. One of the 



reasons for the occurrence of false signals is because organic compound crystals often 
have piezo-electric properties, even when the crystal is not a component of prohibited 
substances. Due to the piezo electric effect, the electric vector component of irradiated 
electromagnetic wave induces mechanical vibration in the crystals, inducing oscillation 
of electric dipole moment which further emits electromagnetic wave out of the crystals. 
Since the frequency of the emitted electromagnetic wave coincides with the frequency of 
initial electromagnetic wave, the piezo electric effect can cause false NQR signal even 
when true NQR response is absent. Another reason for the occurrence of false signals is 
the fact that the NQR signal is significantly weak, normally in the range from sub micron 
to micron volt, and hence highly sensitive amplification with gain of 1 00 - 1 30 dB is 
required. This fact is problematic, because weak signals deriving from commercial 
broadcasting and other radio transmission can be amplified and mistakenly detected as 
NQR signals. Those false signals cause false judgment during inspection, reducing the 
efficiency of the inspection through-put. 

One of the purposes of this invention is to provide a method and apparatus which enables 
non-destructive and highly reliable detection of specific substances which are mixed with 
other substances in the object to be inspected. 

Another purpose of this invention is to provide a new NQR detection system with 
improved reliability, which enables detection of prohibited goods even when they are 
made from organic or inorganic matters in liquid, powder or soft clay (plastic) forms, so 
that safe, efficient and highly reliable operation to remove dangerous goods in the object 
to be inspected is carried out, and safe transport operation of airplanes and ships is 
guaranteed. 

MEANS 

Said first purpose can be achieved by adding a new step to judge the authenticity of NQR 
derivation of an observation signal, into the steps to detect the prohibited goods, by 
means of detection of NQR signal derived from the atoms in the prohibited goods. 

Said second purpose can be achieved by introducing a new means to judge the 
authenticity of NQR derivation of an observation signal, to the system which comprises 
transmission-type X-ray inspection apparatus, a radio-wave generation device, a radio- 
wave transmitting/receiving coil and a radio-wave absorption measurement device, so 
that, by using information of both the shapes and substances of the prohibited goods, 
comprehensive inspection producing highly reliable results can be achieved. 

One example of the method to discriminating and judging the authenticity of NQR 
derivation of the signal observed comprises a step to apply static magnetic filed onto the 
object to be inspected and a step to compare the signals detected by a spin transition 
detector with and without applying the static magnetic field. 



OPERATION 



An NQR method utilises the detection of spin transition between spin energy states split 
by the electric coupling interaction between the gradient of the local electric filed in the 
material and the spin of a nucleus which nuclear spin is larger than 1 and nuclear 
quadrupole moment is not zero. Assume the specific substance to be detected consists of 
a fine crystalline powder. (The prohibited goods to be detected by NQR methods, such as 
drugs and plastic bombs, are often fine crystalline powders.) When external magnetic 
filed is not applied to the substance, the widths of the spin energy splitting are the same 
for all the fine crystallites, and thus, NQR signals can be observed as a sum of the signals 
from the entire sample. On the other hand, when external magnetic filed is applied, the 
widths of the spin energy splitting are dependent on the angle between the directions of 
crystal axis and applied magnetic filed. In other words, NQR absorption frequency varies 
from crystallite to crystallite under the external magnetic filed. Also, since the 
orientational distribution of the crystal axis is thought to be uniform in the substance to 
be detected, the NQR signal is cancelled out a sum of the signals from the entire sample. 
Moreover, applied static magnetic filed does not affect the false signals created by the 
piezo effect and externally derived noises such as commercial broadcasting and other 
radio transmission. Therefore, when a NQR signal under no static magnetic filed does 
not show any change after applying static magnetic field, the NQR signal observed can 
be judged as a false signal. As such, the method to apply static magnetic filed under the 
condition of NQR spin transition is an efficient and accurate method to judge the 
authenticity of NQR derivation of the signal observed. 

It is to be noted that, as the strength of static magnetic filed to be applied in this method, 
the range from several Gauss to several tens Gauss is sufficient. This field intensity is 
too weak to cause damage onto magnetic cards, magnetic tapes, watches, etc., and hence 
will not cause any problems in actual application of this method onto luggage inspection 
apparatus. 

The method to discriminate and judge the authenticity of NQR signals by applying static 
magnetic filed has been thus described. There are other methods to discriminate and 
judge the authenticity of NQR signals, i.e., the methods utilising the nature of NQR 
response itself. 

One of such methods can utilise the information about resonance frequency. For example, 
when a nitrogen 14 nucleus is in the gradient of local crystalline electric filed, three NQr' 
response signals, namely v 0 , v., and v+ in the ascending order in frequency, can be 
observed. When the NQR signals at the frequency of v., and v + are detected with applied 
static magnetic field of v., and v+ in frequency, respectively, then these two NQR signals 
can be judged as not false signals derived from external noise sources. However, since 
the piezo effect can still induce false signals at these frequencies, it is not possible to 
judge these two signals as true. Therefore, the method utilising the information about 
resonance frequency in this manner is not usable. 

Another method which utilizes the nature of NQR response itself is to use decay-recovery 
characteristics of NQR response signal. A pulse-NQR method, one of the methods to 
measure NQR response signals, is such a method that a pulse electromagnetic wave is 



applied to the specimen and the signal induced by the pulse wave is detected: The 
induced signal detected with the pulse NQR method shows decay as a function of time 
with a time constant Ta. This time constant is characteristic of the specimen. Take NQR 
response of Nitrogen 14 nuclei, for example. The v + absorption line of Hexogen (a major 
component of plastic bomb) has a Ta value of 830 fisec. The v + absorption line of 
hexamethylenetetramine has a Ta value of 420 usee. As such, NQR response of Nitrogen 
14 nuclei shows different Ta values specific to substances. On the other hand, the level of 
external noises such as commercial broadcasting, wireless communication between 
vessels and personal long distance wireless communications is almost constant over the 
time period of the measurement of pulse NQR response, and hence does not have such an 
decay-characteristic-time-constant as for the NQR response time constant of 
aforementioned hexogen and hexamethylenetetramine, which helps distinguish these 
external noises from true NQR signals. Also, the piezo effect has an decay constant 
characteristics of the electric circuit system represented by the step response time 
constant of detector circuits, and hence is easily distinguished from the true NQR signals. 

Thus, as the methods of judging the authenticity of NQR signals, a method of applying 
external static magnetic field and a method of comparing decay time constants of NQR 
response have been explained. By using these methods as one of the steps to detect 
specific substances, detection mistakes caused by false signals can be easily prevented, 
and high reliability and efficiency of inspection can be achieved. 

EXAMPLES 

[Example 1] 

Example 1 of this invention is explained using the Drawing 1. Example 1 is for general 
cases to detect specific substances using this invention. 

In Drawing 1, the detection system comprises a controller 5 which controls the overall 
function, a setting device 4 which sets the frequency and sweeping sequence of 
electromagnetic wave irradiated onto the object to be inspected in accordance with the 
controller 5, an electromagnetic wave irradiation device 3 which generates and irradiates 
electromagnetic wave in accordance with the frequency and sweeping sequence set by the 
setting device 4, and a spin transition detector 2 which detects the spin transition in the 
object to be inspected 1, caused by NQR resonance induced by electromagnetic wave 
irradiated by the electromagnetic wave irradiation device 3. 

The spin transition detector 2 and electromagnetic wave irradiation device 3 can be 
equipped with a transmission coil and a reception coil, respectively. Or, the 
electromagnetic wave irradiation device 3 can have a coil which does both transmission 
and reception of signals. 

The electromagnetic wave irradiation device 3 irradiates electromagnetic wave having an 
energy corresponding to the spin transition energy of the specific substances to be 
detected in the object to be inspected 1 . The setting device 4 sets the frequency and 



sweeping sequence of electromagnetic wave to be irradiated: The electromagnetic wave 
irradiation device 3 is capable of irradiating electromagnetic wave having a frequency 
range from several kHz to several hundreds GHz. 

In order to detect substances having nitrogen 14 nuclei in the object to be inspected, for 
example, the controller 5 first instructs the setting device 4 to carry out the frequency 
sweep of the electromagnetic wave in a radio-wave region (from about 300kHz to 8MHz) 
which frequency corresponds to the spin transition energy of nitrogen 1 4 nuclei. 
Next, the electromagnetic wave irradiation device 3 irradiates the electromagnetic wave 
onto the object to be inspected. Finally, the spin transition detector 2 detects the spin 
transition of nitrogen 14 nuclei, and hence the explosives in the object to be inspected 1 is 
detected. The results of the detection is displayed on the display 2\ 

The intensity of the detected signal at this time is denoted by S 0 . The detection of spin 
transition is repeated subsequently, with a DC magnetic field applied on the object to be 
inspected 1 , by supplying a DC current to a static magnetic filed generator coil 5' by a 
static magnetic field power supply 3', and the intensity of the detected signal at this time 
is denoted by S| . The signal intensities S 0 and S r are then compared with each other by 
the controller 5. If Si shows meaningful change from S 0 > it is judged that the signal 
detected without static magnetic filed is in fact the true signal derived from spin transition 
of the nitrogen 14 nuclei. In this manner, prevention of detection mistakes caused by 
false signals derived from the piezo effects or external noises can be achieved, which 
leads to shortened inspection time and high through-put rate of the inspection operation. 

[Example 2] 

Next, the second example of this invention is explained in detail using Diagram 2. In this 
example, the case for detecting explosives in the object to be inspected is explained. 

In Diagram 2, a probe coil 6 is connected to a radio-wave transmitting/receiving device 7. 
The frequency of radio wave transmitted out of the probe coil 6 can be set to a desired 
value by changing the capacitance of the condenser by a frequency controller 8. The 
oscillation power detected by the radio-wave transmitting/receiving device 7 is amplified 
by an amplifier 9, and is shown on the signal display device 10. The frequency set by the 
frequency controller 8 is coincided with, for example, the NQR frequency of nitrogen 14 
nuclei in the chemical structure specific to explosive materials. When the probe coil is 
moved around the object to be inspected 1 and the probe coil comes in the vicinity of the 
explosive substance 1 1 in the object to be inspected 1 , then, the conductance of the tuning 
circuit, which is in the radio-wave transmitting/receiving device 7 including the probe 
coil, changes according to the real part (i.e. absorption component) of the magnetic 
susceptibility of nitrogen 14 nuclei in the explosive material 11. This change in 
conductance further changes the irradiation power of the radio-wave 
transmitting/receiving device 7, which is amplified by the amplifier 9, and is shown on 
the signal display device 10. The explosives 1 1 in the object to be inspected 1 can be thus 
detected. 



The above explanation is for the case where explosive 1 1 is actually contained in the 
object to be inspected 1 . When some organic or inorganic materials which show the 
piezo effect are contained, instead of explosives 1 1, in the object to be inspected 1, then 
the radio-wave transmitting/receiving device 7 detects the false electromagnetic wave 
induced by the piezo effect, and the signal display device 1 0 shows the change of 
oscillation powder as if there was explosives in the object to be inspected, resulting in 
occurrence of false detection. In order to avoid this scenario, in this example, when the 
signal display device 10 shows meaningful change of oscillation powder, the 
aforementioned detection of spin transition is repeated with a DC magnetic field applied 
on the object to be inspected 1, by supplying a DC current to a static magnetic filed 
generator coil 5' by a static magnetic field power supply 3'. As a result, if the oscillation 
power shown on the display 1 0 does not show any change by the applied static magnetic 
field, then the signal on the display 10 is judged as a false signal derived from the piezo 
effect or external noises such as commercial broadcasting and other radio transmission. 
This method enables faster inspection by cutting the time wasted on opening the luggage 
to be inspected, and, more importantly, enables more reliable non-destructive inspection. 
This method is particularly useful when the radio-wave transmitting/receiving device 7 is 
composed of highly sensitive detection devices such as a super regenerative detector 
which can readily pick up external noise signals. 

[Example 3] 

Example 3 uses a system where the probe coil is further connected with a pulse radio 
generator and a fast detector which can follow the fast phenomena in radio frequency 
ranges, as shown in Diagram 3. 

In Diagram 3, a base oscillator 14 generates a radio wave having a frequency 
characteristic of specific substances. The radio wave is modulated into a single RF pulse 
or a train of many RF pulses which are controlled in terms of phase and time in a 
conventional manner. These control sequences are pre-set in the controller 5. The RF 
pulse or a train of RF pulses are amplified by the power amplifier 16 to the power level 
which is sufficient to induce spin transitions in the explosives 1 1 in the object to be 
inspected I , and then efficiently irradiated onto the object I . A NQR signal, which is 
detected by a probe coil, is amplified by a pre-amplifier 18, and is phase-detected by a 
phase-detector 19 using the signal from the base oscillator 14. The phase-detected signal 
is further modulated into a digital signal by a fast A/D converter 20 and is inputted into 
the controller 5. The result is displayed on the CRT 21 . In the system, there is a static 
magnetic field generation coil 5' for discriminating false signals, and a static magnetic 
field power supply 3' as a power source of the coil 5'. The on/off of the power supply 3' 
is controlled by the controller 5. 

When the pulse irradiated onto the object 1 is a single RF pulse, the explosives 1 1 can be 
detected by measuring the free induction decay which is derived from nitrogen 14 nuclei 
after cutting off the RF pulse. However, the signal of the free induction decay derived 
from nitrogen 14 nuclei is very weak, typically from several to several tens nV, and 
the life time is as short as several (isec to several tens usee. For this reason, the detection 



systems such as the pre-amplifier 18 and the phase-detector 1 9 need to have a very short 
dead time and low noise. 

On the other hand, when the pulse irradiated onto the object is a train of pulses, the dead 
time in the detection system can be slightly longer. For example, when a 90° pulse (the 
pulse which rotates the nuclear spin by 90 degrees) and a 1 80° pulse are irradiated in that 
sequence with a time interval of x sec, a spin echo occurs after 2 x sec and the free 
induction decay signal is induced recursively. Therefore, if the free induction decay 
signal after the irradiation of the second pulse is measured, the detection sensitivity is 
retained even if the dead time of the detection system is about x sec. 

In this example, two pulses having a sequence of (90°-x-180°) are used. Other pulse 
sequences which are known conventionally can also be used to detect NQR signals from 
nitrogen 14 nuclei in the explosives 1 1 . The merit of using pulse radio wave is that high 
intensity radio wave, i.e., radio wave having a large amplitude, can be irradiated on to the 
object 1 . This high intensity of the pulse enables detection of the explosives with high 
sensitivity, even when they are buried deep in the object 1, far away from the probe coil 
17. 

Drawing 4(a) shows the free induction decay of the NQR signal of nitrogen 14 nuclei in 
200g of Hexogen (used to represent an explosive material), measured after irradiation of 
a 90° pulse without applying static magnetic field. The observed frequency is 
approximately 5 MHz which corresponds to the v + line. Drawing 4(b) shows the free 
induction decay signal of nitrogen 14 nuclei in Hexogen, measured after irradiation of a 
90° pulse with applying 5 Gauss of static magnetic field onto Hexogen by the static 
magnetic filed generation coil 5. It is evident in Drawing 4(b) that the signal intensity 
drastically decreased with applying static magnetic filed, and that the static magnetic 
filed of only 5 Gauss was sufficient to have a large effect on the NQR signal. In contrast, 
when the same measurement was performed onto a fine crystalline powder of sodium salt 
of glutamine acid, which shows the piezo effect without applying static magnetic field, 
the signal appeared similar to the free induction decay signal 160 in Drawing 4(a). 
However, this signal did not change the intensity and profile when static magnetic field 
was applied, though the change from Drawings 4(a) to 4(b) is expected for true NQR 
signals. Therefore, this signal can be judged as a false one. Therefore, the method to 
apply static magnetic filed onto the object to be inspected 1 is a simple but reliable 
method to judge the authenticity of NQR derivation of an observation signal. 

[Example 4] 

Example 4 explains the system which comprises a combination of a NQR device and an 
X-ray inspection device to detect dangerous materials. Drawing 5 shows a configuration 
of such a system. 

As shown in Drawing 5, the detection system comprises an X-ray transmission type 
inspection device further consisting of an X-ray generator 1 04, X-ray transmission slits 
105, a device to convey the object to be inspected 106, an X-ray sensor 107 and an X-ray 



detection monitor 108, equipped with a radio-wave generator 101, a radio-wave 
transmitting/receiving coil 102, a radio-wave absorption measurement device 103, a static 
magnetic field power source 3' and a static magnetic field generator coil 5'. 

Metallic dangerous materials in the object to be inspected 109, such as metallic fire arms 
and explosives sealed in metal pipes, can be easily detected because of their shapes 
appeared on the X-ray detection monitor 108, due to the fact that their X-ray scattering 
intensity is very high. However, if the explosives are made of organic or inorganic 
materials having a low X-ray scattering intensity in liquid, powder or plastic forms, the 
explosives are not readily detectable as a clear image on the X-ray detection monitor 108 
by using the aforementioned X-ray transmission type inspection system. Instead, 
detection of the absorption of radio- wave at frequencies characteristic of the dangerous 
materials can be performed by using the radio-wave generator 101, the radio-wave 
transmitting/receiving coil 102 and the radio-wave absorption measurement device 103. 
For example, as the first step, a radio wave, which has a frequency characteristic of 
plastic bombs made of Hexogen as a major ingredient, is generated by the radio- wave 
generator 101, and the absorption intensity of the radio wave irradiated onto the object 
109 is measured by the radio-wave transmitting/receiving coil 102. If there is no 
absorption detected by the radio-wave absorption measurement device 103, then it can be 
judged that the object 109 does not contain Hexogen. If some absorption is observed, the 
absorption intensity SO when static magnetic filed is not applied, and the absorption 
intensity S 1 when static magnetic field is applied onto the object 1 09 by the static 
magnetic field power source 3' and the static magnetic field generator coil 5', are 
compared. If SI shows meaningful decrease from SO, then it is judged that the object 
1 09 contains Hexogen. On the other hand, if S 1 does not show change from S 1 , then the 
signal observed is judged as a false signal derived from external noises etc., and the 
tedious procedure to open the object 109 for inspection can be omitted. Hence, the 
inspection can easily become more reliable and efficient. 

As explained above, by using the method shown in this example, comprehensive 
detection of dangerous materials can be made by using not only the shape but the 
physical properties and chemical compositions of the materials. As such, explosive 
materials, which are made of organic or inorganic compounds having a low X-ray 
scattering intensity in liquid, powder or plastic forms and hence can not be easily 
detected by conventional X-ray transmission type inspection devices, can be detected 
without fail. 

[Effect of invention] 

According to this invention, for the detection of specific substances in the object to be 
inspected using a NQR device or a combination of a NQR device and an X-ray 
transmission-type inspection device, a new step is introduced to judge the authenticity of 
NQR derivation of the signal that is measured in a step to detect a spin transition, so that 
the inspection can be significantly more reliable, which enables faster inspection by 
cutting the time wasted on opening the luggage to be inspected, leading to significant 
improvement of the through-put rate of the inspection. 



DESCRIPTION OF DRAWINGS 



Drawings 1 - 3 show the configuration of the systems used to explain the examples 1 - 3. 
Drawing 4 shows the NQR signal for nitrogen 14 nuclei in Hexogen observed using the 
detection system in example 3. 

Drawings 5 shows the configuration of the systems used to explain the examples 5 
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